Introduction {#S0001}
============

The main risk factor for lung cancer is cigarette smoking. However, nutrition may influence the development and progression of this cancer to a certain extent. High consumption of vegetables, fruit and green tea may protect against lung cancer development, while consumption of meat and fried products increases the risk of this disease \[[@CIT0001]--[@CIT0004]\]. Deterioration of dietary habits occurs very often in the elderly and results from social, economic and health problems. Even with a high standard of living, the elderly often consume a characteristically monotonous diet, and fall into malnutrition due to food intake difficulty \[[@CIT0005], [@CIT0006]\]. Lung cancer morbidity is highest in the sixth and seventh decades of life; thus age-related quality deterioration in the diet may accelerate the occurrence and progression of the illness \[[@CIT0007]\].

The aim of this study was to evaluate selected dietary habits related to lung cancer risk in lung cancer patients and compare them with healthy subjects from the Lower Silesia region of Poland.

Material and methods {#S0002}
====================

Ninety-two subjects, 23 female (56.4 ±9.4 year) and 69 male (65.5 ±8.6 year), with newly diagnosed lung cancer were recruited to this study from the Lower Silesian Centre of Lung Diseases. 72.8% of the patients had non-small cell lung cancer (NSCLC), 16.3% had small-cell lung cancer, and for the rest of the group data about histologic type were not collected. The control group consisted of 157 healthy inhabitants of Lower Silesia, 47 female (55.7 ±15.6 year) and 110 male (63.1 ±13.7 year), recruited from senior clubs and an occupational medical center. Subjects suffering from cancers, metabolic and mental diseases and/or under dietary treatment were excluded. Control and lung cancer groups were sex- and age-matched. The baseline sociodemographic status of lung cancer and control subjects is presented in [Table 1](#T0001){ref-type="table"}. Patients were less educated than controls. Almost 1/3 of patients and only 6% of controls had only graduated from primary school. Marital status also significantly differentiated patients and controls -- a higher percentage of patients were married. Almost 69% of patients and 36% of controls had formerly smoked, and every fourth patient and control was a current smoker.

###### 

Selected elements of sociodemographic status of lung cancer patients (*n* = 92) and control subjects (*n* = 157)

  Characteristics                                                              Patients    Control subjects   *p*                        
  ---------------------------------------------------------------------------- ----------- ------------------ ------------- ------------ --
  **Age \[mean ± SD\]**                                                        56.4 ±9.4   65.5 ±8.6          55.7 ±15.6    63.1 ±13.7   
  **Level of education**, ***n*** **(% of all patients and controls)**                                                                   
   Primary school                                                              26 (28.3)   10 (6.4)           **\< 0.01**                
   Secondary school, lower level                                               37 (40.2)   55 (35.0)                                     
   Secondary school, higher level                                              19 (20.7)   55 (35.0)                                     
   Postsecondary                                                               10 (10.9)   37 (23.6)                                     
  **Marital status**, ***n*** **(% of all patients and controls)**                                                                       
   Single                                                                      6 (6.5)     24 (15.3)          **0.02**                   
   Married                                                                     74 (80.4)   101 (64.3)                                    
   Divorced/Widower                                                            12 (13.0)   32 (20.4)                                     
  **Cigarette smoking** ***n*** **(% of all patients and controls)**                                                                     
   Current smokers                                                             23 (25.0)   40 (25.5)          **\< 0.01**                
   Former smokers                                                              63 (68.5)   57 (36.3)                                     
   Never smokers                                                               6 (6.5)     60 (38.2)                                     
  **No. of cigarettes**, ***n*** **(% of patients and controls who smoked)**                                                             
   \< 5/day                                                                    4 (17.4)    5 (12.5)           **NS**                     
   5--20/day                                                                   11 (47.8)   28 (70.0)                                     
   \> 20/day                                                                   8 (34.8)    7 (17.5)                                      

Dietary interviews were carried out during the first day of the patients' admission and were also performed on control subjects by trained dieticians. Dietary habits related to lung cancer risk were assessed using a validated questionnaire \[[@CIT0008]\] based on the consumption frequency of low- and high-glycemic-index (GI) carbohydrate products, vegetables and fruits, vegetable and fruit juices, green tea, milk and liquid dairy products, meat, fried products and alcohol. Dietary patterns were evaluated concerning the eating frequency of these food products over the previous year. Alcohol consumption was assessed on a dichotomous scale (yes or no). The answer "no" means that the subject did not drink alcohol or drank it very occasionally (less than one drink/beer/glass of wine per month). The data were analyzed using Statistica 10 (StatSoft). The distribution of dietary habits among patients and controls were compared using the χ^2^ test. The study was reviewed by the local ethics committee and was performed in accordance with the Declaration of Helsinki.

Results {#S0003}
=======

The comparison of dietary habits related to lung cancer risk for patients and controls is presented in [Table 2](#T0002){ref-type="table"}. Both patients and controls preferred high-glycemic-index (GI) cereal products. More than half the patients and ca. 43% of controls consumed these products three or more times per day. This frequency of low GI cereal product consumption was not shown in patients and occurred in only ca. 6% of controls (*p* \< 0.01). Moreover, the majority of patients ate low GI cereal products irregularly.

###### 

Dietary habits of lung cancer patients (*n* = 92) and control subjects (*n* = 157)

  Dietary habits                   Lung cancer patients *n* (%)   Control subjects *n* (%)   *P*          
  -------------------------------- ------------------------------ -------------------------- ------------ -------------
  High-GI cereal products          ≥ 3 portions a day             51 (55.4)                  68 (43.3)    NS
                                   1--2 portions a day            38 (41.3)                  74 (47.1)    
                                   Irregularly                    3                          15 (9.6)     
  Low-GI cereal products           ≥ 3 portions a day             0 (0.0)                    9 (5.7)      **\< 0.01**
                                   1--2 portions a day            36 (39.1)                  67 (42.7)    
                                   Irregularly                    56 (60.9)                  81 (51.6)    
  Vegetables                       ≥ 4 portions a day             2 (2.2)                    7 (4.5)      NS
                                   2--3 portions a day            40 (43.5)                  75 (47.8)    
                                   1 portion a day                42 (45.6)                  66 (42.0)    
                                   Irregularly                    8 (8.7)                    9 (5.7)      
  Fruit                            ≥ 4 portions a day             7 (7.6)                    12 (7.6)     NS
                                   2--3 portions a day            20 (21.7)                  44 (28.0)    
                                   1 portion a day                25 (21.2)                  59 (37.6)    
                                   Irregularly                    40 (43.5)                  42 (26.8)    
  Vegetable juices                 ≥ 1 glass a day                5 (5.4)                    3 (1.9)      NS
                                   4--6 glasses a week            4 (4.4)                    3 (1.9)      
                                   1--3 glasses a week            14 (15.2)                  22 (14.1)    
                                   \< one glass a week            69 (75.0)                  128 (82.1)   
  Fruit juices                     ≥ 1 glass a day                22 (23.9)                  22 (14.1)    NS
                                   4--6 glasses a week            3 (3.3)                    10 (6.4)     
                                   1--3 glasses a week            21 (22.8)                  55 (35.3)    
                                   \< one glass a week            46 (50.0)                  69 (44.2)    
  Green tea                        ≥ 1 glass a day                8 (8.7)                    32 (20.5)    NS
                                   4--6 glasses a week            2 (2.2)                    2 (1.3)      
                                   1--3 glasses a week            7 (7.6)                    15 (9.6)     
                                   \< one glass a week            75 (81.5)                  107 (68.6)   
  Milk and liquid dairy products   ≥ 4 glasses a day              5 (5.4)                    7 (4.5)      NS
                                   2--3 glasses a day             9 (9.8)                    34 (21.6)    
                                   0.5--1 glass a day             30 (32.6)                  43 (27.4)    
                                   Irregularly                    48 (52.2)                  73 (46.5)    
  Meat                             ≥ 4 portions a day             0 (0.0)                    5 (3.2)      **\< 0.01**
                                   2--3 portions a day            23 (25.0)                  61 (38.9)    
                                   1 portion a day                37 (40.2)                  55 (35.0)    
                                   Irregularly                    32 (34.8)                  36 (22.9)    
  Fried products                   Every day                      15 (16.3)                  16 (10.3)    **0.01**
                                   4--6 portions a week           10 (10.9)                  40 (25.6)    
                                   1--3 portions a week           60 (65.2)                  82 (52.6)    
                                   \<1 portion a week             7 (7.6)                    18 (11.5)    
  Alcohol consumption              Yes                            44 (47.8)                  120 (76,4)   **\< 0.01**
                                   No                             48 (52.2)                  37 (23.6)    

GI -- glycemic index

Patients and controls ate vegetables with a similar frequency. Most of them consumed 2--3 portions of vegetables a day (43.5% of patients, 47.8% of controls) or 1 portion a day (45.6% of patients, 42.0% of controls). The frequency of fruit consumption was generally low: 43.5% of patients and 26.8% of controls ate fruits irregularly. Apart from fruit and vegetable intake assessment, the frequency of vegetable and fruit juice consumption was also evaluated, but there were no significant differences in the drinking of these products. The majority of patients (75.0%) and controls (82.1%) consumed less than 1 glass of vegetable juice per week. Half of the patients and about 44% of controls drank fruit juices with this frequency.

Lung cancer patients and the control group drank green tea with a low frequency, and there were no statistically significant differences between groups. The consumption of milk and liquid dairy products by patients and controls was generally insufficient. The highest percentage of patients (52.2%) and controls (46.5%) drank these products irregularly. Patients ate meat with significantly lower frequency than controls (*p* \< 0.01). About one-third of patients and one-fourth of controls ate meat irregularly. It was also found that a statistically higher percentage of patients than controls ate fried products every day (16.3% vs. 10.3%) (*p* = 0.01).

Alcohol consumption was also assessed statistically, and significantly larger proportion of lung cancer patients (52.2%) than control subjects (23.6%) had not drunk alcohol in the previous year (*p* \< 0.01).

Discussion {#S0004}
==========

High lung cancer morbidity and mortality are the main impulses for researching new possible ways of fighting this disease. The major risk factor is smoking, and in this study it was also found that the majority of patients were current (25.0%) or former smokers (68.5%). Additionally, low sociodemographic status expressed mainly by low educational level and household income positively correlates with lung cancer risk \[[@CIT0009], [@CIT0010]\], which was also partially confirmed in this study. Diet may contribute to the development and progression of lung cancer. Studies concerning the lung cancer patient\'s dietary habits have not been carried out in Poland yet.

Dietary habits {#S0005}
==============

A high GI diet increases cancer risk due to increased blood glucose concentration, insulin ejection and insulin growth factor (IGF) activity \[[@CIT0011]\]. In this study it was found that patients consumed low GI products with lower frequency than control subjects, although George *et al*. \[[@CIT0011]\] did not find a correlation between the type of GI of products consumed and lung cancer risk in a prospective study. In the aforementioned study an assessment of the influence of GI on cancer risk was performed with a 124-item food frequency questionnaire, and we focused only on cereal products, which may be the reason for the inconsistency in results.

The protective effect of vegetables and fruit against lung cancer development has been well demonstrated, although it was dependent on the type of group studied and the type of research. Smith-Warner *et al*. \[[@CIT0012]\] found that high fruit and vegetable consumption modestly reduced lung cancer risk, and the influence was mainly attributed to fruit. Linseisen *et al*. \[[@CIT0013]\] demonstrated a protective role only for fruit. In this study vegetable consumption also decreased lung cancer risk, but only in current smokers, in contrast to the observations of Jansen *et al*. \[[@CIT0014]\], where vegetable consumption was not related to lung cancer risk in smokers.

In this study, vegetable and fruit consumption was relatively low. Juices were even more rarely drunk and did not enhance the intake of valuable components of vegetables and fruit. The low consumption of these food groups could be, additionally to cigarette smoking, a risk factor for lung cancer development. Therefore dietary education is indicated to promote a higher frequency of vegetable and fruit consumption. As previously stated \[[@CIT0015]\], a high frequency of fruit and vegetable consumption may bring benefits for cancer patients, e.g. an improvement in quality of life. Increased consumption of green tea protects against carcinogenesis \[[@CIT0016]\]. Zhong *et al*. \[[@CIT0017]\] found that consumption of green tea decreased lung cancer risk among women. The effect was stronger in the non-smoking-group \[[@CIT0017]\]. Laurie *et al*. \[[@CIT0018]\] determined the anticancer activity of green tea extract against advanced lung cancer. About 40% of recruited patients had a stable disease ranging from 4 to 16 weeks. The authors suggest that green tea extract could be used as a chemo-preventive or chemotherapy-enhancing factor. Sadava *et al*. \[[@CIT0019]\] found that epigallocatechin-3-gallate occurring in green tea decreased telomerase, caspase-3 and caspase-9 activity, but not caspase-8, which indicated apoptosis induction. Zhang *et al*. \[[@CIT0020]\] also found that green tea extract exhibits protective activity against lung cancer and decreased benzo-á-pyrene-dihydrodiol-epoxide (BPDE)-induced DNA damage in lymphoid cells from lung cancer patients.

We observed a very low frequency of green tea consumption among all subjects, with no statistically significant difference between patients and controls. Green tea contains potential cancer-fighting compounds \[[@CIT0021]\] and therefore may be recommended as a healthy beverage among lung cancer patients, as well as healthy subjects, especially those who smoke cigarettes.

Dairy products are a source of biologically active compounds, e.g. calcium, vitamin D and conjugated linoleic acid, which possesses a broad spectrum of anticarcinogenic activity \[[@CIT0021]\]. Takezaki *et al*. \[[@CIT0022]\] found that frequency of milk consumption correlated negatively with squamous cell lung carcinoma and small cell lung cancer occurrence in the male group. In contrast to this observation, De Stefani *et al*. \[[@CIT0023]\] observed no correlation between the frequency of milk consumption and lung cancer morbidity. In this study the highest percentage of patients consumed milk and liquid dairy products irregularly and did not differ in this respect from the controls. A low consumption of dairy products might influence disease development and contribute to nutritional status deterioration in patients, as dairy products provide easily digested protein.

Increased meat consumption may correlate positively with several type of cancers including lung cancer \[[@CIT0024]\]. De Stefani *et al*. \[[@CIT0025]\] found a correlation of total meat consumption with some histologic types of lung cancer: squamous cell carcinoma, adenocarcinoma and large cell carcinoma. In our study patients ate meat with a statistically lower frequency than controls, which indicates that this was not a significant risk factor for the development of the disease. However, the low consumption of this rich source of valuable protein and iron may increase malnutrition and anemia risk -- paraneoplastic symptoms often correspond to lung cancer.

Fried food products can cause cancerogenesis \[[@CIT0026]--[@CIT0028]\]. For example, acrylamide, occurring e.g. in fried potatoes, led to lung cancer development in an animal study \[[@CIT0026]\]. Some other studies indicate that fried meat can increase lung cancer risk \[[@CIT0027], [@CIT0028]\]. Sinha *et al*. \[[@CIT0028]\] found that heterocyclic amine-2-amino-3,4,8-trimethylimidazo\[4,5-*f*\]quinoxaline (MeIQx) was associated with lung cancerogenesis.

In this study patients ate fried products with a higher frequency than controls, which might influence disease development and is generally inappropriate not only in the prevention of different kind of cancers but also in a well-balanced, healthy diet.

The influence of alcohol consumption on lung cancer risk is ambiguous. Freudehein *et al*. \[[@CIT0029]\] found that drinking alcohol was slightly associated with lung cancer risk. The risk was stronger among never smoked male subjects. On the other hand, in the study by Bagnardi *et al*. \[[@CIT0030]\], alcohol consumption was found to be a risk factor for lung cancer but only in smokers. This author with co-workers \[[@CIT0031]\] performed a meta-analysis concerning alcohol consumption and risk of lung cancer in never smokers. They found that alcohol does not independently affect the risk of lung cancer. In our study a significantly lower percentage of lung cancer patients drank alcohol during the previous year than control subjects, which could have resulted from disease development and their worse health condition.

Several limitations need to be acknowledged in this study. Since the healthy people were recruited from selected places (senior clubs and an occupational medical center), the control group might not be representative of the healthy population or, moreover, accurately comparable to the lung cancer patients. Moreover, lung cancer patients differed from the control group in educational level, smoking habits and marital status, which could have an impact on dietary habits. Secondly, although the majority of recruited patients had NSCLC, the lung cancer group was not homogeneous for histologic type. As mentioned above, some dietary habits may influence lung cancer risk only in certain histologic types. Taking into account the restrictions discussed above, the results of this study should be interpreted with some caution, and further research, excluding these limitations, is needed.

To summarize, lung cancer patients from the Lower Silesia region had inappropriate dietary habits, such as insufficient frequency of low GI cereal products, vegetables, fruit and green tea consumption and a high consumption frequency of fried products. This might additionally influence their lung cancer risk. The reported dietary mistakes indicate the need for dietary education among people at lung cancer risk and with newly diagnosed disease, to enhance their nutritional status.
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